Objective: To synthesize the results of a scoping review and analysis of health care use data to identify gaps in knowledge related to the health of women in the U.S. military.
U ntil recently, research on military populations has almost exclusively been focused on the health of male service members. In recent decades, the percentage of female service members in the U.S. military has steadily increased from an estimated 1.6% to 2.5% of all personnel in 1973 (U.S. General Accounting Office, 1990; Leepson, 1981; Patten & Parker, 2011) to 16.5% in 2014 (U.S. Department of Defense, 2015) . With the recent decision to lift the ban on female participation in ground combat across all branches of the military (Rosenberg & Philipps, 2015) , all military occupational specialties are now open to members of both sexes (Tilghman, 2015) . These trends are indicative of the growing importance of women's contributions to national defense.
Although gender-inclusive research in military populations has increased in recent decades in response to mandates from the National Institutes of Health and the U.S. Department of Defense that require the inclusion of women in all clinical research (National Defense Authorization Act, 1993; National Institutes of Health Revitalization Act, 1993), guidelines and prioritization for research on the health of women in the military are lacking. The rapidly evolving nature of servicewomen's roles necessitates the commitment of targeted research priorities and increased resources to this underdeveloped field.
In response to a 2012 National Defense Authorization Act request for more information about the health of U.S. servicewomen (National Defense Authorization Act, 2012), our research team conducted a comprehensive review of the existing peer-reviewed literature on the health of women in the U.S. military that was published between 2000 and 2015. We used these results, in combination with recent health care use data, to perform a gap analysis to identify potentially important research areas that were not well represented in the literature.
In this report, we answer four key questions regarding research on the health of women in the U.S. military: What peer-reviewed literature exists regarding the health outcomes of women in the military? What is the quality of the available peerreviewed literature? Are there differences in health care use by sex? And, are there research gaps that need to be addressed? The summary findings reported here are based on a larger technical report that is freely accessible (Yablonsky et al., 2017) .
Methods
Scoping reviews are a specific type of systematic review conducted "to map rapidly the key concepts underpinning a research area and the main sources and types of evidence available, and can be undertaken as stand-alone projects in their own right, especially where an area is complex or has not been reviewed comprehensively before" (Mays, Roberts, & Popay, 2001, p. 194) . A scoping review is used to map an existing body of diverse literature to characterize the extent, range, and nature of research activities within a topic area (Pham et al., 2014) . Because of the very large body of evidence included for review in this study, we decided that a traditional, systematic literature review would be inappropriate. Systematic reviews are narrowly focused to examine similarly designed studies "that fit pre-specified eligibility criteria to answer a specific research question" (Moher et al., 2015, p. 3) . Conversely, the exploratory nature of scoping reviews lends itself to characterization of large bodies of relevant literature across disparate sources, topic areas, and research designs (Arksey & O'Malley, 2005) . Because scoping reviews are specifically designed to survey broad bodies of literature, they are particularly useful in the identification of research gaps (Kastner et al., 2012) . Scoping reviews are conducted to provide a lay of the land; findings can later be used to ask more precise research questions, which are best answered through a systematic review (Colquhoun et al., 2014) .
There is currently ongoing debate in the scientific community about the assessment of quality as part of the scoping review process. The framework originally developed by Arksey and O'Malley (2005) does not require an assessment of quality, but several authors have suggested that mapping research for the purpose of identifying gaps in the existing literature has limited usefulness if quality is not also assessed (Brien, Lorenzetti, Lewis, Kennedy, & Ghali, 2010; Daudt, van Mossel, & Scott, 2013; Dijkers, 2015; Levac, Colquhoun, & O'Brien, 2010; Pham et al., 2014) . When this review was undertaken, no standardized assessment of quality was available for large-scale scoping reviews. We used published theoretical frameworks of quality to develop a novel instrument in which objective criteria are used to assess several elements of quality across diverse study designs and topics. Articles were graded using objective criteria in each of six elements of quality (conceptual framing, appropriateness, transparency, validity, reliability, and cogency) and were assigned a quality category (low, good, or excellent) on the basis of the overall summative score. A full description of this instrument is beyond the scope of this article, but a thorough description of its development and application is currently in preparation.
Study Selection
The research team searched for all peerreviewed research articles that were potentially relevant to the health of women serving in the U.S. Armed Forces using the following search engines: MEDLINE/PubMed, Web of Science, CINAHL, and PsycINFO. The literature search included articles published between January 1, 2000, and September 30, 2015. A complete list of the Medical Subject Headings used is included in the full technical report (Yablonsky et al., 2017) .
Guidelines and priorities for research on the health of women in the U. S. military are still decentralized or nonexistent.
Research Related to the Health of U.S. Military Women
Each identified article underwent a three-level review process to determine whether the article met specific inclusion and exclusion criteria (see Table 1 ). Each of the three review levels involved an increasingly comprehensive examination of each article. Specifically, for the Level 1 review, the title and keywords of each article were examined; for the Level 2 review, the full abstract was reviewed; and for the Level 3 review, the complete text of the article was reviewed. If review at any level was not sufficient to make eligibility determinations, the article was retained and moved to the next higher level of review. Articles that did not meet inclusion/exclusion criteria at any level of the review process were removed from further analysis.
All abstracts were independently reviewed by trained members of the research team. This team included a multidisciplinary group of epidemiologists, data scientists, public health researchers, and nurse research scientists. If an article was marked for exclusion during any level of the review process, a second reviewer duplicated the review for quality assurance. If both reviewers agreed the article did not fit the inclusion criteria, it was excluded. In the event of disagreement, a senior investigator (A.M.Y.) examined the article and made a final determination.
Data Abstraction
For each article that met inclusion criteria in the Level 3 review, various study characteristics were extracted. These 22 characteristics were designed to provide descriptions of various elements of the research design, study population, and article quality. Examples of characteristics extracted included the presence of a research question/hypothesis, total sample size, branch of service(s) represented, study design, sampling method, method of data collection, and research setting. Based on article content, each included study was classified into at least 1 of 8 major topics and into at least 1 of 73 subtopics (see Table 2 ). Topic and subtopic designations were not mutually exclusive. 
Data Synthesis and Analysis
Articles were sorted by major topic area; each article underwent review and was assigned a quality categorization. Sex-stratified health care use data were examined with the use of military International Classification of Diseases, 9th Revision data from 2014. Rate ratios (comparing Englert, R. M., and Yablonsky, A. M. Revision diagnostic chapters, such as mental health disorders, musculoskeletal disorders, and injury and poisoning. Gap analysis matrices incorporated data from the literature review, health care use rate ratios, and national organizational priorities for research on the health of women in the military. For a detailed description of quality assessment and gap analysis methodologies, see Yablonsky et al. (2017) .
Results
The initial literature search resulted in 14,999 unique abstracts. After application of the threelevel review process, 14,020 articles were excluded, resulting in 979 articles within the analytic sample. A visual representation of the articles by topic and subtopic is shown in Table 2 . Definitions of what was encompassed by each subtopic area are available in the full report (Yablonsky et al., 2017) .
Publication Year
Publication trends for military health research stratified by gender characteristics of the samples are displayed in Figure 1 . 
Study Design
Using an abbreviated five-category version of the hierarchy of evidence rating system (Melnyk & Fineout-Overholt, 2011) , fewer than 5% of articles within this body of literature were determined to be meta-analytic (0.3%, n ¼ 3), experimental (2.4%, n ¼ 24), or quasi-experimental (1.6%, n ¼ 16) research designs. Most of the articles (60.1%, n ¼ 589) were classified as case-control/cohort/ correlational study designs, and 35.4% (n ¼ 347) were categorized as qualitative or descriptive study designs. An abbreviated five-category version of the rating system was used because the two original categories that were omitted (systematic literature reviews and expert opinion) did not meet the inclusion criteria for the current study. Analysis of study design is important to describe methodologies that are frequently used in military research, but these results should be viewed with caution. Although study design is commonly used as a marker for quality of evidence, hierarchies "tend to underrate the value of good observational studies" (Nutley, Powell, & Davies, 2013, pp. 10-11) . Although experimental designs have long been considered the gold standard in research, many research questions are best answered with alternative study designs. This discrepancy highlighted the need for our research team to develop a novel quality assessment instrument that could be used across multiple study designs.
Quality
Overall, 10% (n ¼ 100) of articles received lowquality scores, 62% (n ¼ 613) received good-quality scores, and 28% (n ¼ 266) received excellent-quality scores (see Figure 2 ). The topic with the greatest percentage of excellent-quality articles was social relationships (36%, n ¼ 52). The obstetric-gynecologic health topic had the smallest percentage of excellent-quality articles (17%, n ¼ 21) and the greatest percentage of low-quality articles (21%, n ¼ 27). The topic with Englert, R. M., and Yablonsky, A. M.
the smallest percentage of low-quality articles was injury (7%, n ¼ 15). Article quality also varied across individual subtopics.
Author Affiliation
More than 15% of the primary authors were identified as military service members (i.e., current or former active duty/reserve) at the time of publication. When categorized into a comprehensive list of 55 specific clinical and academic disciplines, 66.7% of these primary authors represented the disciplines of psychology/psychiatry, epidemiology, orthopedics, public health, and nursing.
Results by Topic
The total number and percentage of articles represented within each topic as well as the number of high-quality articles and averagequality scores for each topic are shown in Figure 2 . Similar tables with more detailed information on variations in quality across each subtopic can be found in the full technical report (Yablonsky et al., 2017) .
Psychological health. In total, 429 articles were included in this major topic area. Overall, 8% (n ¼ 34) of articles received low-quality scores, 61% (n ¼ 262) received good-quality scores, and 31% (n ¼ 133) received excellentquality scores. These scores were similar to the overall quality score average across the major topic areas (10% low, 62% good, and 28% excellent). Through analysis, stigma, adjustment disorders, personality disorders, and Research Related to the Health of U.S. Military Women eating disorders were identified as areas where gaps in the literature existed. As an example, female service members were up to 8 times more likely to be diagnosed with a personality disorder than their male peers, but researchers in only 10 articles investigated personality disorders in a gender-inclusive manner. Although the overall quality of research within these four subtopics was good to excellent, the amount of research was relatively small when the potential burden of these health conditions for women in the military was considered.
Readiness. In total, 561 articles were included in this major topic area. Overall, 11% (n ¼ 59) of articles received low-quality scores, 64% (n ¼ 361) received good-quality scores, and 25% (n ¼ 141) received excellent-quality scores, which was consistent with the quality averages across major topic areas (see Figure 2) . Analysis of this topic showed that sleep was the only readiness-related subtopic for which there was a significant gap in the literature. Given the importance of healthy sleep habits on performance and the large number of service members who perform shift work, the small amount of research in this area (n ¼ 16) is cause for concern.
Injury. In total, 208 articles were included in this major topic area. Overall, the injury topic had the second greatest percentage of excellent-quality articles (32%, n ¼ 66) and one of the smallest percentages of low-quality articles (7%, n ¼ 15). Analysis showed the existing research on injury aligns well with current U.S. Department of Defense health care use data and military priorities for returning service members back to duty in a timely manner. Injury was the only topic with no identified gaps in the existing literature.
Acute care and preventive medicine. In total, 234 articles were included in this major topic area. Overall, 7% (n ¼ 16) of articles received lowquality scores, 65% (n ¼ 152) received goodquality scores, and 28% (n ¼ 66) received excellent-quality scores, which was consistent with the quality averages across all topics. The subtopic sexually transmitted infections was the only identified gap in the acute care and preventive medicine major topic area. Health care use data showed that women were up to 5 times more likely than their male counterparts to be diagnosed with certain chlamydial infections, but, across the 15-year time span examined, the number of articles on this topic was relatively small (n ¼ 37).
Deployment health. In total, 211 articles were included in this major topic area. Overall, 8% (n ¼ 17) of articles received low-quality scores, 62% (n ¼ 131) received good-quality scores, and 30% (n ¼ 63) received excellentquality scores, which was consistent with the average quality across all topics. Approximately 55% (n ¼ 116) of all deployment-related articles listed Operations Enduring Freedom, Iraqi Freedom, or New Dawn as the deployment setting; 38% (n ¼ 80) did not report a specific deployment location. The subtopic gynecologic care during deployment (n ¼ 19) was the only gap identified within this major topic area, with 21% (n ¼ 4) of these articles being of low quality and only 11% (n ¼ 2) being of excellent quality.
Social relationships. In total, 144 articles were included in this major topic area. Overall, the social relationships topic had the greatest percentage of excellent-quality articles (39%, n ¼ 56), and only 8% (n ¼ 12) of articles received low-quality scores. Health care use data showed that female service members were up to 25 times more likely to seek care for adult sexual abuse and up to 3.5 times more likely to seek care for adult physical abuse than their male counterparts. As a result, we identified the subtopics sexual assault and physical assault as gaps in the existing research.
Chronic illness. In total, 97 articles were included in this major topic area. Overall, 10% (n ¼ 10) of articles received low-quality scores, 60% (n ¼ 58) received good-quality scores, and 30% (n ¼ 29) received excellent-quality scores, which was consistent with the quality averages across topics. The subtopic of multisystem illness (n ¼ 20) was identified as an area with insufficient research because 35% (n ¼ 7) of articles in this specific subtopic received low-quality ratings. Cancer was another subtopic identified as a gap in the literature. Analysis of health care use rate ratios showed that women were up to 4 times more likely to be diagnosed with cancer than their male peers. Although all of the identified research on cancer was of good or excellent quality, the actual number of gender-inclusive articles published on this topic was quite small (n ¼ 14).
Comparison of health care use data and extant research showed that several topics and subtopics had surprisingly little coverage relative to their clinical prevalence.
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Obstetric-gynecologic health. In total, 128 articles were included in this major topic area. This health topic had the greatest percentage of low-quality articles (29%, n ¼ 37) and the smallest percentage of excellent-quality articles (14%, n ¼ 18). This distribution of quality scores was markedly different from the overall quality averages across all topics. As shown in Figure 3 , the overall quality of the research on obstetric-gynecologic health topics was significantly lower than the quality on every other topic covered by this investigation. Three of the 15 subtopics had no excellent-quality articles, and for one subtopic (menstrual suppression, n ¼ 10), 60% of the articles were categorized as low quality. Given the combination of scant research and a large proportion of low-quality articles, analysis revealed gaps in the literature for 15 of the 16 obstetric-gynecologic health subtopics included in this review. The only subtopic for which a gap was not identified was sexual health.
Gap Analysis Summary
We identified gaps in the literature for 7 of 8 major topic areas and 26 of 73 subtopic areas (see Table 3 ). The obstetric-gynecologic health topic contained the most gaps; we found 15 of 16 subtopics to be areas of concern. The psychological health topic contained the second greatest number of gaps; we found 4 of 16 subtopics to be areas of concern. The only topic for which no gaps were identified was injury.
Discussion
With this scoping review, we provide an extensive overview of the literature published between January 2000 and September 2015 on the health of women who serve in the U.S. military. The intention of this review was not to describe the effectiveness of any particular intervention or to collate specific research findings on a narrow field of study. Using a wide lens perspective to identify topics, article quality, and health care use data across sex, our aim was to provide a map of the science on women's health in the U.S. military so that holes in the scientific road ahead might be filled with focused research.
Gaps in the Literature
A total of 979 unique articles were categorized into 8 major topics and 73 subtopics. With 879 of these articles (almost 90%) obtaining a quality score of good or excellent, the overall quality of the articles pertaining to the health and readiness of servicewomen was encouragingly high. However, a comparison of health care use data and existing literature revealed numerous disparities between the prevalence of clinical conditions in women in the military and the quantity and quality of research in that topic area.
The topic with the largest number of gaps was the obstetric-gynecologic health topic; we identified Research Related to the Health of U.S. Military Women gaps in the existing literature for 15 of 16 subtopics. The finding of proportionately lower quality of articles within the obstetric-gynecologic health topic (as well as within the subtopic of deployment gynecologic health) compared with the other seven major topic areas emphasizes the need for high-quality examination of health factors that specifically affect female service members. This is especially important because the subtopics of contraception, uterine wellness, menstruation, menstrual suppression, unplanned pregnancy, vaginal health, and urological health are all likely to affect women during deployments, when access to medical care may be limited. As the female population within the military continues to grow and women are integrated into previously closed operational environments, research on sexual and reproductive health will become increasingly important for the health and readiness of the total force. This research will not only improve the health of female service members but also will improve the leadership, readiness, and effectiveness of gender-inclusive units.
Although the military has dedicated impressive resources to the exploration of resilience and optimization of mental health, gaps still remain. There are still only 22 articles focused on stigma; this topic can have wide-reaching implications for treatment-seeking behaviors and mental health outcomes. With continued emphasis on the psychological health of service members, important questions about sex disparities in diagnoses can be addressed, such as why female service members are up to 8 times more likely than their male peers to be diagnosed with personality disorders.
Existing literature on the major topic of injury shows that the military research community is effectively addressing the most common and costly health concern to affect military populations (Armed Forces Health Surveillance Center, 2016). Traumatic brain injury has been called one of the "signature wounds" of the Afghanistan and Iraq wars (Tanielian et al., 2008) and has emerged as a critical area of research after Operations Enduring Freedom, Iraqi Freedom, and New Dawn. The body of highquality literature on traumatic brain injury and related injury comorbidities is an example of how U.S. Department of Defense resources can be efficiently mobilized to address emerging health concerns as the operational requirements of the military change.
Exploration of study design using a traditional hierarchy of evidence showed less than 3% of articles used the meta-analytic (0.3%, n ¼ 3) or experimental (2.4%, n ¼ 24) research designs that represent the highest levels of evidence (Melnyk & Fineout-Overholt, 2011 ). These The overall quality of research on obstetric-gynecologic health topics was significantly lower than the quality on every other topic covered by this review. Englert, R. M., and Yablonsky, A. M. findings highlight the increased need for study designs with stronger levels of evidence but also show possible difficulties with the design and execution of randomized controlled trials in the field of military women's health. Authors of many of the included articles stated that more targeted gender-stratified analyses were not possible because of small female sample sizes. Future experimental research should include strategies to increase the recruitment of women and encourage gender-specific analysis and reporting to ensure that servicewomen and men are adequately represented.
Limitations
Because of the broad scope of this study and the large number of articles reviewed, several limitations were inherent in this effort. An extensive list of key terms was used to perform a comprehensive literature search, but it is possible that some peer-reviewed articles that would have met the inclusion criteria were not captured. Articles were categorized according to their primary foci, but topic and subtopic categorizations were not mutually exclusive. As a result, the weighting of topics and subtopics within the peer-reviewed literature may appear skewed. Because there was no extant quality rating instrument that incorporated objective criteria that could be used across multiple study designs, a new instrument was developed. Because this instrument has not been assessed for validity or reliability, it is possible that quality ratings may be biased toward particular topics and/or research designs. However, overall quality ratings were remarkably consistent across seven of eight major topic areas within our study (n ¼ 851), which lends more credibility to the findings within the obstetric-gynecologic topic area.
It was beyond the scope of our study to compare the military-specific body of literature with civilian literature or to delineate the many possible factors that could explain article frequency or level of quality within each subtopic. The gap analysis was designed to be conservative; there may be more gaps that other investigators would have identified. For this reason, an online repository of the 979 articles that met inclusion criteria for this study has been made available to the research community (TriService Nursing Research Program, 2018) . More information about the literature search terms, quality assessment, and gap analysis methodology are available in the full technical report (Yablonsky et al., 2017) .
Conclusion
In this review, we addressed a documented need for a thorough assessment of the current state of research on women's health and readiness in the U.S. military (National Defense Authorization Act, 2012). Findings from studies conducted with military populations can be used not only to inform policy and practice for the care of service members while they are on active duty but also are important for the characterization of the future landscape of civilian health care as service members transition from active duty to veteran status. Characterization of the existing literature provides context to researchers, policy makers, and clinicians regarding strengths and areas for knowledge development within the body of research on the health of women in the military. This is critical to our nation's security and the esprit de corps of our military personnel in the rapidly changing global geopolitical environment.
